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® Ultrasonic vibrator horn. 



® An ultrasonic vibrator horn (9) connected at one 
axial end thereof to ah ultrasonic vibration generating 
means (1), the other axial end portion (5) of the horn, 
at which atomization of liquid materia! fed to the hom 
takes place when the horn is driven by said vibration 
generating means (1). being of conical shape, said 
horn having groove means (7) formed in tlie outer 
periphery of the horn, communicating with said other 
axial end portion (5) for receiving the liquid material 
fed to the horn via the feed pipe (3). 

CM ~ 

< 

<M 

00 

Lf) 
CM 



UJ 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



FIG. I A 




Xerox Copy Centre 



1 



0 257 825 



2 



ULTRASONIC VIBRATOR HORN 



Technical Reld 

This invention relates generally to an ultrasonic 
vibrator horn, and particularly to an ultrasonic vibra- 
tor horn for use with ultrasonic atomizing apparatus 
for atomizing liquid, such atomizing apparatus in- 
cluding industrial and non-industrial liquid atomiz- 
ing apparatus employed with gasoline engines, die- 
sel erigines, gas turbines and various combustors 
such as Industrial, commercial and domestic boil- 
ers. 



Background Art 

An ultrasonic vibrator horn used" on the ultra- 
sonic atomizing apparatus of the type described is 
typically connected to an eiectroacoustic trans- 
ducer which, together with a high frequency oscilla- 
tor forms ultrasonic vibration generating means. 
High frequency electric oscillations produced by 
the high frequency oscillator as it is driven are 
applied to the eiectroacoustic transducer which 
converts the electric vibrations into ultrasonic vibra- 
tions which are used to atomize liquid feed. With 
the ultrasonic vibrator horn of the type described 
above, it is known that the atomizatlpn properties 
such as the flow rate of spray of liquid material 
such as liquid fuel as it is atomized upon being fed 
from a liquid feeding mechanism in the ultrasonic 
atomizer and the particle size of the atomized 
droplets will have various effects on the perfor- 
mances of combustors such as boilers, gasoline 
engines and the like in which the ultrasonic atom- 
izer is used. By way of example, poor atomizing 
properties of the ultrasonic vibrator horn can make 
it impossible to effect positive control of the ratio of 
air and fuel, or deteriorate the combusting con- 
ditions to result in an increase in the content of 
hydrocarbon and carbon monoxide in the exhaust 
gases as well as an increase In soots produced. 

In order to eliminate such problems with the 
combustion apparatus it is required to improve the 
atomizing characteristics of the ultrasonic vibrator 
horn as described above. 

To this end, various improvements in ultrasonic 
vibrator horns have been heretofore proposed. 

As a result of extensive researches and experi- 
ments conducted to overcome the aforesaid prob- 
lems with the prior art. the present inventors have 
found out that in an ultrasonic vibrator horn having 
groove means formed in the outer periphery of the 
horn, said groove means communicating with the 
axially forward end portion and adapted to receive 



and direct liquid fuel as fed thereto toward said 
forward end portion, it is advantageous to make the 
end portion of the horn conical in shape so that the 
atomization of the liquid fuel takes place at the 

s conical fon^^ard end portion and in its vicinity, and 
that the spatial extent of spray spread of the liquid 
fuel extends over an angle of 180' minus the 
vertical angle a of the conical forward end portion 
of the vibrator horn. The inventors have thus dis- 

70 covered that it is possible to define an optimal 
spatial extent of spray spread depending on the 
size and configuration of the combusting apparatus, 
for example, with which the vibrator horn is used 
by setting the vertical angle of the conical forward 

75 end portion of the horn at an appropriate value. ^ 

The present invention is based on such nc.-^l 
discovery. 



20 Summary of the Invention 

Accordingly, an object of the present invention 
is to overcome the aforesaid problems with the 
conventional ultrasonic vibrator horn, and a specific 

25 object is to provide an ultrasonic vibrator horn 
which may be designed to provide an optimum 
spatial extent of spray spread according 'to the 
size,, etc. of the various apparatus with which the 
vibrator horn is used. 

30 The foregoing objects may be accomplished 

by the ultrasonic vibrator horn according to the 
present invention. 

Briefly, this invention consists in an ultrasonic 
vibrator horn connected at one axial end thereof *o 

35 an ultrasonic vibration generating means, the oi».^i* 
axial end portion of the horn at which atomization 
of liquid material fed to the horn takes place when 
the horn is driven by said vibration generating 
means being of conical shape, said horn having 

40 groove means formed in the outer periphery of the 
horn, said groove means communicating with said 
other axial end portion for receiving the liquid ma- 
terial fed to the horn and directing the liquid ma- 
terial to the other axial end portion. 

45 One way of carrying out the. present invention 

will hereinafter be described in detail by way of 
example but not by way of limitation with reference 
to Rgs. 1 to 5 inclusive of the accompanying 
drawings. Figs, 6 to 9 inclusive of which illustrate 

50 prior art examples. 
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Brief Description of the Drawings 

FIG. 1A is a side view of one embodiment of 
the ultrasonic vibrator horn according to the 
present invention; 

FIG. 1B, 1C and 1D are cross-sectional 
views taken along line H in Rg. 1A and show 
cross-sectional shapes of groove formed in the 
outer periphery of the vibrator horn shown in Rg. 
1A: 

FIG. 2 is a diagrammatical side view show- 
ing the spatial extent of spread of the spray as di- 
scharged from the vibrator horn of Fig. 1A; 

FIG. 3 is a diagrammatical plan view show- 
ing the spatial extent of spread of the spray di- 
scharged from the vibrator horn of Rg. 1A; 

FIGS. 4A and 4B are diagrammatical plan 
views showing the relation between the spatial ex- 
tent of spread of the spray discharged from the 
horn of Rg. 1A and the included angle of the 
conical end portion of the horn; 

FIGS. 5A and 5B are side views showing the 
spatial extent of spread of the spray discharged 
from the horn of Rg. 1A; 

Rg. 6A is a perspective view of a prior art 
ultrasonic vibrator horn; 

• Rgs. 68, 6C and 6D are end views of the 
horn as shown in Rg. 6A for showing cross-sec- 
tional shapes of grooves formed in the outer pe- 
riphery of the hqrn; 

Rg. 7A is a side view of another prior art 
ultrasonic vibrator horn; 

Fig. 7B is a side view of the vibrator horn as 
rotated 90" from the position shown in Rg. 7A 
about its axis; 

Rg. 7C is a side view of the vibrator horn of 
Rg. 7B disposed In a horizontal position; 

Rg. 8A is a plan view of the prior art vibrator 
horn shown in Figs. 6A - 60 illustrating the spatial 
extent of the spray spread; 

Fig. SB is a side view of the prior art vibrator 
horn shown in Rgs. 6A - 6D illustrating the spatial 
extent of the spray spread; 

Rg. 9A is a plan view of the other vibrator 
horn shown in Figs. 7A - 7C illustrating the spatial 
extent of the sjsray spread; and 

Rg. 9B is a side view of the other vibrator 
horn shown in Rgs. 7A - 7C illustrating the spatial 
extent of the spray spread. 



Description of the Prior Art Examples 

The prior art vibrator horn 109 shown in Rg. 6A 
is characterized by a plurality of flutes or longitudi- 
nal grooves 107 formed in the peripheral surface of 
the horn for receiving and directing liquid fuel from 
the feed point of liquid fuel, that is. from the liquid 



feed mechanism or fuel feed pipe 103 positioned 
adjacent the periphery of the horn towards the 
forward end of the horn. The grooves 107 are 
either V-shaped in cross-section as shown in Rg. 

5 6B. or U-shaped as shown in Rg. 6C. or channel- 
shaped as shown in . Rg. 6D. The grooves may 
extend parallel to the central axis of the horn or 
may alternatively be inclined towards the central 
axis as it proceeds towards the fonvard end of the 

10 vibrator horn . 109, as required. The grooves 107 
formed in the outer periphery of the vibrator horn 
109. are designed to direct the liquid fuel fed to the 
vibrator horn towards the forward end of the horn 
which defines an atomizing area, to prevent the 

75 liquid fuel from dropping off the horn t>efore reach- 
ing the forward end thereof even when the horn is 
disposed in a horizontal orientation, and to provide 
an increased surface area and an enhanced cooling 
effect. 

20 The proposal as illustrated in Rgs. 7A to 7C 

comprises one or more longitudinal grooves 117 
formed in the peripheral surface of the ultrasonic 
vibrator horn 119 of the type which has equal- 
diameter multiple-stepped edged portions extend- 

25 ing from a point intermediate the ends of the horn 
to the forward end. The groove or grooves 117 are 
either V-shaped, or U-shaped, or channel-shaped in 
cross-section and extend from the feed point of 
liquid fuel discharged from a feed pipe 113 to the 

30 edged portion one step short of the foremost 
edged portion for receiving and directing the liquid 
fuel. The grooves 117 may extend parallel to the 
central axis of the hom 119 or may be inclined 
towards the central axis as it proceeds towards the 

35 forward end of the vibrator horn, as required. The 
grooves 117 formed in the outer periphery of the 
vibrator horn 119 are designed to direct the liquid 
fuel fed to the! hom towards the equal-diameter 
multiple-stepped edged portions which define the 

40 atomizing area of the . horn, to prevent the liquid 
fuel from dropping off the horn before reaching the 
edged portions even when the hom is disposed in 
a horizontal orientation, to ensure good distribution 
of fuel over the edged portions and hence stable 

45 atomization of fuel, and to provide an increased 
surface area and an enhanced cooling effect. The 
foremost edged step devoid of grooves serves as a 
stop to keep the fuel flowing along the grooves 117 
from flying off or flowing out of the atomizing area. 

50 With the ultrasonic vibrator horn 109 according 

to the proposal as illustrated in Rg. 6A, however, 
the atomizing area for atomizing the liquid fuel as 
supplied from the feed pipe 103 is limited to the 
forward end portion of the vibrator horn 109, so that 

55 when the horn is disposed in a horizontal position 
as shown in Rgs. 8A and 8B. the spatial extent F 
of spread of the atomized droplets is restricted to a 
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narrow strip of space extending generally straight 
forward from the horn 109. resulting in a relatively 
low rate of spray or atomization and disadvanta- 
geously large particle size of atomized droplets. 

With the ultrasonic vibrator horn 119 according 
to the proposal as illustrated in Figs. 7A to 7C, the 
atomizing area for atomizing the liquid fuel as sup- 
plied from the fuel feed pipe 113 extends over all 
the edged portions except the foremost one so that 
the atomizing area is considerably larger than that 
of the vibrator horn 109 shown in Figs. 8A and SB. 
Consequently, when the horrr 119 is oriented in a 
horizontal position as shown in Figs. 9A and 9B. it 
provides an adequately wide extent F of spread of 
atomized droplets. However, if the feed point of 
liquid fuel from the feed pipe 113 to the vibrator 
horn 119 is changed, or if the flow rate of fuel 
supply varies, then the spatial extent of spray 
spread will vary, so that the spray spread extent F 
is- unstable. 



Detailed Description of an Embodiment ^ the Irv 
vention 

Referring now to Rgs. t to 5 of the accom- 
panying drawings particularly Rgs. 1A to ID, one 
embodiment of the ultrasonic vforator horn for an 
ultrasonic atomizer according to the present inven- 
tion is illustrated. As shown in Fig. 1A, the ultra- 
sonic vibrator horn 9 is connected at its one axial 
end to an electro-acoustic transducer 1 which 
forms part of an ultrasonic vibration generating 
means. According to this invention, the other axially 
forward end portion 5 of the horn at which atomiza- 
tion of liquid fuel fed from a fuel feed pipe 3 to the 
horn takes place when the horn is driven by the 
vibration generating means is formed into a conical 
shape. The horn further has one or more circum- 
ferentially spaced longitudinal grooves 7 formed in 
its outer periphery. The groove 7 communicates 
with the forward end portion 5 for receiving liquid 
fuel from the feed pipe 3 and directing the same to 
the end portion 5. In Fig. 1A the groove 7 Is shown 
as being inclined towards the central axis of the 
horn so as to progressively approach the central 
axis as it proceeds towards the forward end 5, but 
the groove may extend parallel to the central axis 
of the horn 9 and there may be provided a plurality 
of grooves. 

The groove 7 may be either V-shaped in cross- 
section as shown in Rg. 1 8, or U-shaped as shown 
in Rg. 1 C. or channel-shaped as shown in Rg. 1 D. 

As indicated above, the forward end portion 5 
of the vibrator horn 9 at which atomization of liquid 
fuel takes place is conical in shape. The vertical. 
. i.e. apex, angle of the conical forward end portion 5 
may be set at a value desired to suit the size and 



configuration of a combustor or the like with which 
the vibrator horn 9 is used so that the horn pro- 
vides optimal spray characteristics, that is, an op- 
timal spatial extent of spread of spray according to 

5 the size and configuration of the combustor. 

The ultrasonic vibrator hom 9 constructed as 
described above has been created on the basis of 
the results of experiments conducted by the 
present inventors as illustrated In Rgs. 2 and 3. In 

10 the experiments kerosene was used as liquid fuel 
and supplied to the vibrator horn at a flow rate of 
0.08 cc/sec. It was an ultrasonic vibrator horn made 
of carbon steel or low-alloy steel and having a 
conical forward end with a vertical angle of 90® and 

75 a longitudinal groove that was used for the experi- 
ments. It exhibited a spatial . extent F of spray 
spread as shown in Fig. 2 when viewed in a side 
view and as shown in Fig. 3 when viewed in a plan 
view. It was also found that the horn provide a 

20 distribution of particle sizes of spray droplets as 
shown in Fig. 2 (m which the circled digits repre- 
sent the SMD). 

Through these experiments it was observed 
that when viewed 4n a top. plan view, liquid fuel was 

25 guided along the groove 7 to the conical forward 
end portion 5 of the horn 9 where the fuel spread- 
ed over between two, lines each extending per- 
pendicular to the respective one of two opposed 
sides defining the apex of the conical surface of 

30 the end portion 5 of the horn, as shown in Rgs. 4A 
and 48. 

This has led the present inventors to the con- 
clusion that in an ultrasonic vibrator hom having 
groove means formed in the outer periphery there- 

3S of, said groove means communicating with the 
axially forward end portion and adapted to receive 
and direct liquid fuel as fed thereto toward said 
forward end portion, when the forward end pd n 
of the horn is made conical in shape, atomization 

40 of the liquid fuel takes place at the conical forward 
end portion and in its vicinity, and the spatial extent 
F of spray spread of the liquid fuel extends over an 
angle of ISO"" minus the vertical angle a of the 
conical forward end portion of the vibrator horn. 

45 On the basis of the foregoing conclusion the 

inventors have discovered that it is possible to 
define the spatial extent F of spray spread desired 
to suit the size and configuration of the combustor, 
for example, with which the vibrator horn 9 is used, 

so by setting the vertical angle of the conical forward 
end portion of the horn at an appropriate value, as 
shown in Rg. 1. Furthermore, as the spray F 
spreads in a flat manner as shown In Rgs. 5A and 
SB, it provides another advantage of facilitating 

55 combustion of the fuel. 
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It is thus to be appreciated that the present 
invention provides a novel and Improved ultrasonic 
vibrator horn characterized by a forward end por- 
tion at which atomization of liquid material fed to 
the horn takes place when the horn is driven by s 
ultrasonic vibration generating means being conical 
in shape, and groove means formed in the outer 
periphery of the horn, said groove means Intersect* 
ing with said conical forward end portion for receiv- 
ing the liquid material fed to the horn and directing io 
the . same to the forward end portion, whereby the 
hom may provide an optimal spatial extent of spray 
spread suitable for the size and configuration of 
various types of apparatus in which an ultrasonic 
atomizer incorporating the vibrator horn is used. . 75 



Claims 

1. An ultrasonic vibrator horn to be connected 20 
at one axial end thereof to an ultrasonic vibration 
generating means, the other axial end portion of 

the horn at which atomization of liquid material fed 
to the hom is to take place when the horn is driven 
by said vibration generating means being of conical 25 
shape, said horn having groove means formed In 
the outer periphery of the hom, said groove means 
communicating with said other axial end portion for 
receiving liquid material fed to the hom and direct- 
ing the liquid material to the other axial end portion. 30 

2. An ultrasonic vibrator horn as claimed in 
claim 1 in which said groove means is either V- 
shaped, or U-shaped, or channel-shaped in cross- 
section, and comprises one or more grooves ex- 
tending parallel to the central axis of said horn. 35 

3. The ultrasonic vibrator horn of claim 1 in 
which said groove means is either V-shaped, or U- 
shaped, or channel-shaped in cross-section, and 
comprises one or more grooves inclined towards 

the central axis of said horn so as to progressively 40 
approach the central axis as the groove or grooves 
proceed towards said other axial end portion. 

4. Ultrasonic atomizing apparatus for atomizing 
liquid Including an ultrasonic vibrator horn as 
claimed in any preceding claim. 45 
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FIG.4A 



FIG.4B 



FIG.5A 



FIG.5B 
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FIG.6A 
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